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@ A method of treating a surface. 



@ A method of treating a concrete or other 
_ non-metallic surface contaminated with embed- 

\ ded radionuclides to reduce the total level of 

- radioactivity in a concrete or other hydraulically 

bonded material body is described. The method 
comprises the steps of producing relative mutu- 
al movement between the surface to be re- 
moved and a laser heat source such that a layer 
adjacent the surface is caused to be detached 
from said concrete body. The surface may be 
detached as a vapour, in flakes or as a sheet 
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The present Invention relates to a method of 
treating a non-metallic surface, particularly a con- 
taminated surface having embedded contaminants in 
the surface layer or layers, and more particularly, 
though not exclusively, a surface contaminated with 
radionuclides. 

In the nuclear industry surfaces of objects such 
as mechanical components and constructional fea- 
tures become contaminated with radionuclides. Com- 
mon contaminants include uranium oxide, plutonium 
oxide, strontium-90, caesium-137 and cobalt-60. 
These contaminants may be present in the form of 
fine particulates or originate from solutions contain- 
ing them. Where such contaminants are deposited on 
concrete structures, the porous nature of concrete 
means that the contaminants may be present up to a 
considerable depth. However, the principal propor- 
tion of the contaminants, about 90%, are situated 
within a few millimetres of the surface. Hence, the 
safe removal of the surface layer or layers can greatly 
reduce the degree of radioactive contamination pres- 
ent 

Various techniques have been proposed for the 
decontamination of surfaces. However, due to the 
embedded nature of the contaminants, the prior art 
techniques of chemical washing, fluid shear blowing 
and paste/stripping have not been entirely success- 
ful. Furthermore, these prior art methods have the 
disadvantage of producing secondary waste prob- 
lems due to mixing of the additional materials with the 
removed contamination and most importantly, they 
only remove surface contaminants, not contaminants 
embedded below the surface. 

JP 3002595 describes the removal of a concrete 
surface layer by crushing due to the heat generated 
by the use of microwaves to irradiate the contaminat- 
ed surface layer. 

DE 3500750 describes Inductively heating steel 
reinforcing bars within a structure to cause the re- 
moval of contaminated concrete therefrom. 

In our co-pending patent application number 
PCT/GB90/02404, we describe the use of an Intense 
heat source passed across a contaminated surface to 
fix or seal the radioactive contaminants therein. 

In all of these prbr art treatments the radioactive 
contaminants remain in large pieces of material which 
require disposal in large pieces, or which require fur- 
ther processing, or the contamination is sealed Into 
the structure body, thus not decreasing the total level 
of radioactivity of the body or structure in question. 
One of the principal problems of the prior art methods 
described is that they produce large pieces of con- 
crete which have a very high proportion of relatively 
uncontaminated material associated with the contam- 
inated material. Thus, unnecessarily large volumes of 
material require disposal or further processing. 

It is an object of the present invention to provide 
a method for the removal of embedded contamination 



adjacent a surface layer or layers from a porous sub- 
strate such that the removed layer may be safely col- 
lected and disposed of, such that the total level of con- 
taminants in the substrate or body in question is re- 

5 duced. 

According to the present invention there is provid- 
ed a method for the removal of a contaminated sur- 
face layer or layers from a concrete or other hydraul- 
ically bonded material body, the method comprising 

10 the steps of producing relative mutual movement be- 
tween the surface to be removed and a laser heat 
source such that a layer adjacent the surface is 
caused to be detached from said body. 

According to a first aspect of the method of the 

15 present invention, the surface is removed by vapori- 
sation thereof. 

Desirably, the fume generated by vaporisation of 
the concrete surface is collected by suitable extrac- 
tion equipment such that It does not further contam- 

20 inate the surrounding area. 

The minimum power density to achieve vaporisa- 
tion of concrete is advantageously about 5000 W/cm^. 
However, power densities down to 2500 W/cm^ have 
been successfully employed with appropriate control 

25 of traverse speed. It has been found that a concrete 
removal rate of about 100 to 300 cm^/hr.kW may be 
achieved and a depth of removal of about 10|im/J. 

The vaporisation technique can remove up to a 
few millimetres depth at one pass depending upon 

30 available power. Due to the poor thermal conductivity 
of concrete, surface evaporation may be achieved 
with little substrate heating. 

Typical operating parameters for a carbon dioxide 
laser are a traversing speed of between about 30 to 

35 200mm/s at power levels of about 400 to 1 500W CW 
laser beam having a spot size of between about 3 to 
6mm. 

Other types of laser may be used including YAG 
lasers which have the advantage of being transmitta- 

40 ble through optical fibres. 

It has been found that some underlying glazing of 
the residual surface may occur which Is advanta- 
geous in sealing at least a part of the remaining con- 
tamination into the body. Paints or plastics resin ma- 

45 terials such as epoxy resins coated onto a concrete 
surface may be efficiently removed by this first as- 
pect of the method of the present invention. 

Multiple passes may be employed so as to pro- 
duce further glazing of the treated surface. As the de- 

50 gree of glazing increases, the rate of evaporation 
from the surface decreases due to the glazing effect. 
This has the added advantage of sealing in any resid- 
ual contamination even more effectively into the suth 
strate or body. The subsequent passes may be under 

55 the same or different conditions to those used for 
evaporation. 

According to a second aspect of the method of 
the present invention, the contaminated surface may 
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be caused to be detached from the body by the gen- 
eration of thermal stresses below the surface causing 
fracture of the concrete and flaking off of a surface 
layer. The body surface may be treated with a laser 
heat source to heat the concrete but such that melting 
of the concrete surface does not occur. Concrete 
starts to dehydrate at about 200°C. The thermal 
stress together with the moisture and air expansion 
which is created below the surface causes the sur- 
face layer to flake off with the entrapped contami- 
nants. 

It has been found that the concrete surface flakes 
off during traversing of the laser, the flakes being 
ejected from the surface with significant force and ve- 
locity. The ejected flakes may be trapped and collect- 
ed by suitable means for safe disposal. 

A required range of power density of a laser lies 
in the range from about 100 W/cm^ to about 800 
) W/cm2. A preferred range may be about 300 W/cm^ to 
about 800 W/cm2 Typical values of traversing speed 
may lie in the range from about 30mm/min to about 
SOOmnrVmin. The traversing speed cannot be too high 
In order that sufficient time is allowed for heat build- 
up below the surface. Similarly, the power density 
should not be so high that significant melting or va- 
porisation of the surface occurs. The traversing 
speed is partly dependent on the moisture content of 
the concrete. Where the moisture content is relatively 
high, the traverse speed may also be relatively high 
as the vapour pressure generated will assist in the re- 
moval of the surface flakes. The traverse speed will 
also be influenced by the chemical composition and 
physical constitution of the concrete. These factors 
also affect the power density required, a high con- 
crete moisture content necessitating a lower power 
density laser, for example. The traverse speed and 
the power density are interrelated and, to some ex- 
tent, may be used to compensate each other, ie a low- 
er power density being compensated by a lower tra- 
verse speed, for example. 

It has been found that concrete removal depths of 
about 1 mm to about 4mm may be achieved in one 
pass. It has also been found that the volume rate of 
concrete removal is high at between about 500 to 
about 800 cm3/hr. kW. 

Multiple passes may be made to achieve greater 
depth removal. 

The rate of removal may be assisted by soaking 
the concrete with water prior to laser treatment so as 
to increase the vapour pressure within the concrete. 

The resulting concrete surface is rough but dean 
without signs of the heating effect of the laser. An ad- 
vantage of the second aspect of the method of the 
present invention is the high efficiency of surface re- 
moval In that heating to the melting point of the con- 
crete is not required. A further important advantage 
over the prior art is that only that material having a rel- 
atively high level of contamination may be removed if 
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desired. However, the actual depth of removal may be 
selected and achieved by multiple passes. Therefore, 
accurate control of the depth and degree of contann- 
ination removal is possible. 
5 According to a third aspect of the method of the 

present invention, the contaminated surface layer 
may be caused to be detached from the body by heat- 
ing with a laser heat source to produce a heat affected 
zone (HAZ) in the body below the surface thereof, at 
10 least a part of the HAZ having been subjected to a 
temperature range of between about 550^0 and 
about 900^C. 

Breakdown of the hydrated chemical bond in or- 
dinary Portland cement (OPC) based concrete be- 
ts gins to occur at about SSO^'C and the compressive 
strength of OPC concrete Is weakest at about 800°C 
to 900°C. Melting of a layer of surface material by a 
laser will produce a HAZ below the surface during 
heating and during subsequent cooling down of the 
20 melted surface layer. The melting point of concrete 
lies in the range from about 1600 to about 1750X, 
and therefore, the HAZ will have a region which has 
been heated within the range from about 550**C to 
about 900X. 

25 It has been found that after a laser beam has 

been traversed across the surface area of a contam- 
inated concrete body, the laser beam causing glazing 
of the surface, that the surface layer becomes de- 
tached by fracture through the HAZ. 

30 By control of the power density and the traverse 

speed, the depth of the HAZ may be controlled and 
hence the thickness of the layer which becomes de- 
tached may also be controlled. 

Preferably, a relatively thin first coating of ce- 

35 mentitious or refractory material is applied to the con- 
taminated surface before laser treatment. Preferably, 
the thickness of the applied layer is less than 1mm 
but, this is not critical and can be thicker. 

The applied first coating may comprise a mixture 

40 of chamotte, pozzolanna, water glass and cement. 
The coating may be applied as a sprayed coating. The 
purpose of this coating is inter alia to seal in any sur- 
face contamination and to tie-down airt)orne contam- 
ination. 

45 Subsequent laser treatment may cause the ap- 

plied first coating and the surface of the concrete sub- 
strate to be glazed, thus sealing in the contaminants 
adjacent the surface. The generation of the underly- 
ing HAZ causes the concrete to shear through the 

50 HAZ and cause the surface layer of the concrete body 
and the glazed first coating adhered thereto to be- 
come detached from the concrete substrate. 

Preferably, a layerof a second coating material is 
applied to the laser treated surface. The second coat- 

55 ing material may comprise a wide variety of materials 
and may include, for example, water glass, cement, 
mixtures including cement, or plastics resins such as 
epoxy resin. 




EP 0 653 762 A1 



The layer of the second coating material provides 
a two-fold advantage in that it seals in any surface 
contamination which may have been generated and 
redeposited during the laser glazing step and also 
provides mechanical strength by binding the detach- 
ed surface layer together as a continuous sheet. 

The detached surface layer may be cut by laser 
means into conveniently sized sections which may 
then be lifted off by suitable means. Suitable means 
may include mechanical gripping devices or vacuum 
gripping means, for example. 

Minimum laser power density for the third aspect 
of the method according to the present invention is 
about 150 W/cm2. Maximum power density is that 
short of the point where significant evaporation of the 
surface begins to occur for the given traversing con- 
ditions. Again, factors such as power density and tra- 
verse speed are interrelated and variations will affect 
the depth of the HA2. 

This third aspect of the present invention has the 
particular advantage that all the contaminants are 
bound together in a solid mass and are easily and 
safely handled. Furthermore, significant fume con- 
taminants are not produced. 

Typical depth removal in one pass is from about 
3mm to about 5mm depending upon processing para- 
meters. 

Although the traverse speeds are relatively low at 
about 0.5 to about 5mm/s, the rate of concrete volume 
removal is relatively high at between about 200 and 
about 400 cm^/hr kW. 

It has also been found that the second and third 
aspects of the present invention may be applied not 
only to concrete but also to other hydraulically bonded 
materials including mortar, plaster, rendering and 
stone such as sandstone, for example. Of course, 
these materials may also be evaporated with a suit- 
ably high laser power density. 

The method according to the first aspect of the 
present Invention may also be applied to other non- 
metallic materials not having a hydraulically bonded 
structure such as brick, other fired clay materials and 
ceramics for example. 

In order that the present invention may be more 
fully understood, examples will now be given by way 
of illustration only with reference to the accompany- 
ing drawings, of which: 

Figure 1 shows a schematic representation ac- 
cording to the first aspect of the method of the 
present invention; 

Figure 2 shows a schematic representation ac- 
cording to the second aspect of the method of the 

present invention; and 

Figures 3A to 3D which show a schematic repre- 
sentation of a method according to the third as- 
pect of the method of the present invention. 
Referring now to Figure 1 and where a contamin- 
ated concrete substrate is denoted generally at 10. 



The substrate includes a surface layer 12 containing 
contaminants (not shown). A laser beam 14 is scan- 
ned across the surface In raster fashion to cover the 
area thereof. The concrete surface layer 12 is evapo- 

5 rated by the laser beam 14, the contaminated fume 
being collected by suitable extraction equipment, in- 
dicated generally at 1 6. A partially glazed surface lay- 
er 18 remains after the laser beam 14 has passed. 
Figure 2 shows a schematic representation of the 

10 second aspect of the method according to the present 
invention. A contaminated concrete substrate is 
shown generally at 20. The substrate has a surface 
layer 22 containing contaminants (not shown). Alaser 
beam 24 is scanned across the surface in raster fash- 

15 ion. The traverse speed and power density are such 
that at a desired depth below the surface 26, the tem- 
perature exceeds 200°C causing dehydration of the 
concrete and the consequent generation of water va- 
pour and expanding air. The effect of this is to cause 

20 flakes of contaminated material 28 of the surface lay- 
er 22 to fly off as the laser beam 24 traverses. The 
flakes of material 28 are trapped by an extractor, 
shown schematically at 30, having been made to 
move towards the extractor 30 by a compressed air 

25 jet 32. 

The resulting surface 34 of the substrate 20 is 
rough but clean and appears to be unaffected by the 
laser beam. 

Referring now to Figure 3 and where a contamin- 

30 ated concrete substrate is shown at 40. The substrate 
40 has a surface layer 42 containing contaminants 
(not shown). Af irst coating layer 44 of a cementitious 
material comprising a mixture of chamotte, pozzolan- 
na, water glass and cement is sprayed by a spraying 

35 head 46 onto the surface 48 of the substrate 40 (Fig 
3A). Once the coating 44 has been dried, a laser 
beam 50 is traversed across the whole surface area 
in raster fashion. The laser beam causes the first 
coating material and the upper region 52 of the con- 

40 laminated surface layer 42 to form a vitreous glazed 
layer, the glazed coating 44 and glazed region 52 be- 
ing bonded to each other and sealing any contami- 
nants adjacent the surface 48 therein. In addition to 
forming the glazed layer, there is also generated a 

45 HAZ 54 below the glazed layer, the HAZ having a re- 
gion therein which has been subjected to a tempera- 
ture of between about 800 and about 900°C (Fig 3B). 
Once the whole surface has been scanned by the las- 
er, a second coating 56 is sprayed onto the surface 

50 by a spray device 58. The second coating 56 may be 
any suitable material such as epoxy resin, water glass 
or cement, for example. The second coating 56 Is 
then cured or dried as appropriate and serves the pur- 
pose of fixing any contaminants which have been de- 

55 posited onto the surface 60 of the glazed layer and 
also to lend mechanical strength to the detached sur- 
face layer 62, which has sheared at 64 through the 
HAZ 54, to bond it all together (Fig 3C). The complete 
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bonded but detached contaminated surface layer 62 
is then cut up into conveniently sized sections by a 
laser 66 to enable removal means to lift off each sec- 
tion for disposal. In this case the removal means are 
shown as a vacuum gripper 68 to which a vacuum 70 5 
is applied (Fig 3D). 

Suitable lasers include a 2kW Electrox (trade 
mark) carbon dioxide laser and a 400W Lumonics 
(trade mark) Neodymium-YAG laser. Other types of 
lasers such as semiconductor lasers, CO lasers, dye io 
lasers and any others which have suitable power den- 
sity characteristics may also be used. 

An important advantage of the present invention 
in all of its aspects is that the contaminated surface 
may be treated remotely by the laser beam. Thus, 
people tasked with decontamination of a structure or 
body may be sited at a safe distance from the contam- 
ination. 

Although the present invention has been descri- 
bed with particular reference to the decontamination 20 
of surfaces contaminated with radionuclides, it is 
equally well suited to the decontamination of surfaces 
contaminated with other contaminants such as toxic 
and/or heavy metal ions for example. 
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Claims 

1. A method for the removal of a contaminated sur- 
face layer or layers from a concrete or other hy- 30 
draulically bonded material body, the method be- 
ing characterised by comprising the steps of pro- 
ducing relative mutual movement between the 
surface to be removed and a laser heat source 
such that a layer adjacent the surface is caused 35 
to be detached from said body. 

2. A method according to claim 1 wherein the sur- 
face is detached by vaporisation of said material. 

40 

3. A method according to claim 1 wherein the con- 
taminated surface is caused to be detached from 
the body by the generation of thermal stresses 
below the surface by the generation of moisture 
vapour through dehydration of said material 45 
causing fracture and flaking off of said surface 
layer. 

4. A method according to claim 1 wherein the con- 
taminated surface layer may be caused to be de- 
tached from the body by heating with a laser heat 
source to produce a heat affected zone (HAZ) in 
the body below the surface thereof, at least a part 
of the HAZ having been subjected to a tempera- 
ture range of between about 550 and about 55 

goo^'C. 

5. A method according to daim 2 wherein the power 



density of the laser is a minimum of 2500 W/cm^. 

6. A method according to claim 5 wherein a range of 
operating parameters includes laser power of 
400W to 1500W; a beam spot size of about 3mm 
to about 6mm diameter; and a traverse speed of 
about 30 to 200mmys. 

7. A method according to any one of claims 2, 5 or 
6 wherein the heating conditions are such as to 
produce some glazing of the residual surface. 



8. A method according to claim 3 wherein a temper- 
ature of at least 200''C Is generated in or below 

15 said contaminated layer. 

9. A method according to either claim 3 or claim 8 
wherein the laser power density lies in the range 
from about 100 W/gm2 to about 800 W/cm2. 



10. A method according to any one of claims 3, 8 or 
9 wherein the traverse speed lies In the range 
from about 30mm/min to about 300mmymln. 

11. A method according to any one of claims 3 or 8 

to 10 wherein the rate of material removal lies in 
the range from about 500 cm^/hr to about 800 
cmVhr. 

12. A method according to any one of claims 3 or 8 
to 11 wherein the depth of material removal lies 
in the range from about 1 mm to about 4mm. 

13. A method according to claim 4 wherein detach- 
ment occurs in the HAZ which has been subject- 
ed to a temperature range from about 800 °C to 
about gOO'^C. 

14. A method according to either claim 4 or daim 13 
wherein a layer of a first cementitious or refrac- 
tory material coating is applied to the surface of 
the substrate before treatment with the laser. 

1 5. A method according to claim 14 wherein the thick- 
ness of said first coating layer is about or less 
than 1mm. 



16. A method according to any one of claims 4 or 13 
to 15 wherein the minimum laser power density 

50 is150W/cm2. 

17. A method according to any one of claims 4 or 13 
to 1 6 wherein the traverse speed lies in the range 
from about 0.5 to about 5mm/s. 



1 8. A method according to any one of claims 4 or 13 
to 17 wherein a second coating layer selected 
from the group comprising plastics material res- 
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ins; cement; mixtures including cement; refracto- 
ry materials; and water glass is applied to the las- 
er treated surface. 

19. A method according to claim 18 further including 5 
the step of cutting said laser treated, detached 
contaminated surface into sections. 
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